Background: Unplanned readmission within 31 days of discharge after stroke is a useful indicator for monitoring quality of hospital care. We evaluated the risk factors associated with 31-day unplanned readmission of stroke patients in China. Methods: We identified 50,912 patients from 375 hospitals in 29 provinces, municipalities or autonomous districts across China who experienced an unplanned readmission after stroke between 2015 and 2016, and extracted data from the inpatients' cover sheet data from the Medical Record Monitoring Database. Patients were grouped into readmission within 31 days or beyond for analysis. Chi-squared test was used to analyze demographic information, health system and clinical process-related factors according to the data type. Multilevel logistic modeling was used to examine the effects of patient (level 1) and hospital (level 2) characteristics on an unplanned readmission ≤31 days. Results: Among 50,912 patients, 14,664 (28.8%) were readmitted within 31 days after discharge. The commonest cause of readmissions were recurrent stroke (34.8%), hypertension (22.94%), cardio/cerebrovascular disease (13.26%) and diabetes/ diabetic complications (7.34%). Higher risks of unplanned readmissions were associated with diabetes (OR = 1.089, P = 0.001), use of clinical pathways (OR = 1.174, P < 0.001), and being discharged without doctor's advice (OR = 1.485, P < 0.001). Lower risks were associated with basic medical insurances (OR ranging from 0.225 to 0.716, P < 0.001) and commercial medical insurance (OR = 0.636, P = 0.021), compared to self-paying for medical services. And patients aged 50 years old and above (OR ranging from 0.650 to 0.985, P < 0.05), with haemorrhagic stroke (OR = 0.467, P < 0.001), with length of stay more than 7 days in hospital (OR ranging from 0.082 to 0.566, P < 0.001), also had lower risks. Conclusions: Age, type of stroke, medical insurance status, type of discharge, use of clinical pathways, length of hospital stay and comorbidities were the most influential factors for readmission within 31 days.
Background
Stroke is an important public health concern in China as the leading cause of morbidity and mortality [1] . In the Report on Cardiovascular Diseases in China (2017), it was estimated that approximately 13 million Chinese people had suffered a stroke [2] . The mortality rate of stroke in China has been estimated to be 4 to 5-fold greater than in western developed countries [3] . Meanwhile, stroke causes an enormous economic burden in China; the hospitalization expenses for intracranial hemorrhage and cerebral infarction have increased by approximately 19 and 25% annually since 2004 [4, 5] .
Readmissions after hospitalization increases the burden on patients and is a waste of health resources [6] . Unplanned early readmission is a potentially useful indicator for monitoring the quality of hospital care [7] ; The National Health Commission of China uses unplanned readmission within 31 days of discharge for the same disease as an indicator of the medical quality of hospitals [8] , including stroke [9] . Unplanned readmission within 31 days of discharge among patients with stroke may reflect unresolved problems at discharge or a lack of effective outreach care after discharge [10] . It has been shown that the risk of readmission can be reduced by better care during the index hospitalization, improvements in discharge planning and follow-up care/ outreach health care, or better transitions between inpatient and outpatient healthcare teams [11] . In addition, patients with stroke who were readmitted within one month after discharge had a worse functional outcome or higher mortality and medical costs than those who were not readmitted [12] [13] [14] . Therefore, in order to prevent avoidable readmissions, it is important to identify risk factors associated with 31-day unplanned readmission in discharged patients after stroke.
The most common causes of readmission among patients with stroke include recurrent stroke, infections, and cardiac diseases [15] . In addition, social and financial factors may contribute to readmissions in patients discharged after stroke [16] . Although several clinical trials and observational studies have examined the causes of readmission within one month of discharge after stroke, the impact of social, financial, hospital or health system-related factors remain uncertain due to small sample sizes or limited patient cohorts [10, 17] . In China, the cover sheet is the first page of the medical record for each individual inpatient, which provides detailed information, including patient characteristics, all diagnoses, clinical treatments or procedures, social circumstances, financial status, hospital type, cost and type of payment [18, 19] . For patients with consecutive medical records, information about their past histories and all treatments provided after stroke are also recorded and linked by an unique individual identifier [20] .
The aim of this study was to determine the factors associated with 31-day unplanned readmission in patients discharged after stroke by extracting the data of the index hospitalization and subsequent readmission from a large database of the medical record cover sheet.
Methods

Data source
This study used data collected from the Cover Sheet of Stroke Inpatients' Medical Records from the Monitoring Database of National Key Traditional Chinese Medicine (TCM) Project, which includes data from more than 50 million cover sheets from 578 TCM hospitals or TCM departments in general hospitals across China from Jan 2015 to Dec 2016. Diagnosis of TCM means patients are diagnosed by TCM theory (syndrome differentiation) with whole body, pulse and tongue symptoms. Treatment of TCM means patients were treated by Chinese herb or acupuncture. Nowadays, combined diagnosis and treatment of TCM and Western Medicine (WM) are the most common strategy used in TCM hospitals or clinics. Therefore, in the TCM hospitals or TCM departments, patients are diagnosed by both WM and TCM theory, then based on the western stroke treatment, doctors may add Chinese herb or acupuncture, depending on the severity of stroke patients. And in the tertiary TCM hospital, department of internal neurology or stroke unit is used for stroke patients.
The criteria for data inclusion in this study were 1) patients aged between 18 and 100 years with a principal diagnosis of haemorrhagic stroke (ICD-10 code: I61) or ischemic stroke (ICD-10 code: I63) (forty-one patients coded I64 were not considered because of the small sample size.); 2) patients readmitted to any hospital after discharge due to a stroke-related condition. The first onset of stroke was taken as the index event and readmission as the endpoint event. We were unable to evaluate the outcomes of patients who did not return to a hospital; they may have fully recovered or they may have died. Therefore, patients without readmission information, or with planned readmission ≤31 days, or readmitted not for a stroke-related condition (such as toxic effect of snake venom or foodborne Bacillus cereus intoxication) were excluded. In order to protect patients' privacy, all data were anonymized by removing sensitive personal information, and subjects were identified by a hospital number or a personal identification number managed by the database administrators.
Study variables
Before undertaking the data analysis, occupation and the level of hospital were re-classified: 'Manager and staff' referred to civil officers, specialized technicians, clerks and leaders of organizations; 'Self-employed' included freelancers. In China, the retirement age for females and males was 55 and 60 years old, respectively [21] ; and most Chinese reported that they had no job after retirement, so those people aged 55 (for females) or 60 (for males) years old and above without any job were classified to the 'retiree' group. Primary and secondary hospitals were combined, so the level of hospital classified into 'tertiary hospital' and 'primary or secondary hospital'.
Data included basic hospital information (including the level of hospital and type of hospital), patient demographic information (including sex, age, principal discharge diagnosis, and comorbidities), health care services and clinical processes provided (including admission route, medical expense payment, and use of TCM diagnosis/treatment). Due to the large data set, a great number of comorbidities were identified from the database. Based on the literature review [22] [23] [24] , we pre-specified ten comorbidities that were regarded as contributing diseases to stroke, namely, hypertension, diabetes, dyslipidemia, and heart disease (including coronary heart disease, angina pectoris, arrhythmia, heart failure, atrial fibrillation, and myocardial infarction).
Statistical analysis
The data analysis and map drawing were performed by using R (version 3.4.3). Potential risk factors for readmission were compared by univariable analysis between patients readmitted ≤31 days and > 31 days with the chi-squared test. The multilevel logistic modeling (MLM) (R package, lme4 version 1.1-15) was used to examine the effect of patient (level 1) and hospital (level 2) characteristics on an unplanned readmission ≤31 days. The variables with a P value of < 0.1 from the univariable analysis were entered into the MLM.
Two steps were conducted to build the MLM: (1) an empty model containing no independent variables was used to describe the variation between hospitals; (2) all patient and hospital-level variables were entered into a full model to study fixed effects. In the final model, P values of < 0.05 were considered significant. Adjusted odds ratios (OR) with 95% confidence interval (CI) were calculated. The degree of heterogeneity of clinical services from the same hospital was computed using the interclass correlation.
Results
The results of the data inclusion procedure are shown in Fig. 1 . A total of 50,912 eligible patients with stroke from 375 hospitals distributed among 29 provinces, municipalities or autonomous districts across China, who experienced an unplanned readmission after stroke from 2015 to 2016, were included in the study (Fig. 2) . Among all patients, 28.8% (14,664) were readmitted ≤31 days after discharge. The reasons for readmissions are summarized in Fig. 3 . The commonest causes were recurrent stroke, hypertension, cardio/cerebrovascular disease and diabetes/diabetic complications.
Most of the patients were patients with ischemic stroke, males, retirees/unemployed, married, covered by the Urban Employees' Basic Medical Insurance and with admission route from an outpatient service. More than 93% of subjects were collected from tertiary hospitals, especially from TCM hospitals with TCM treatment. The proportion of hospitals using clinical pathways was 69.6%, but the proportion for patients was just 30.2%. Most of the variables were statistically different between patients readmitted ≤31 days and > 31 days after discharge, except three variables (comorbidities with dyslipidemia or heart disease, and surgical treatment). (Table 1) .
Among all the patients, the proportion of patients with hypertension was 5.32% in the 18-49 age group, which was the lowest one among all the age groups. However, among those patients with hypertension, the proportion for patients readmitted ≤31 days after discharge due to a stroke-related condition in the 18-49 age group was highest (38.7%), compared to other age groups. The situations for diabetes, dyslipidemia, heart diseases were the same as hypertension. The proportions for patients readmitted ≤31 days after discharge in the 18-49 age group were also highest among patients with the above three diseases, 36.9, 35.5 and 35.8%, respectively. (Fig. 4) .
The MLM analyses showed that patients with diabetes (OR = 1.089, P = 0.001), using clinical pathways (OR = 1.174, P < 0.001), and leaving or transferred without the doctor's advice (OR = 1.485, P < 0.001) had a higher risk of unplanned readmission ≤31 days. Whereas, compared to patients with self-paying medical service, patients with basic medical insurances (OR = 0.504, P < 0.001), urban resident basic medical insurance (OR = 0.514, P < 0.001), new rural cooperative medical scheme (OR = 0.643, P < 0.001), medical financial assistance fund for the poor (OR = 0.309, P < 0.001)) and commercial medical insurance (OR = 0.636, P = 0.021) were at a lower risk. A lower risk was also observed in patients aged 50 years old and above (OR ranging from 0.650 to 0.985, P < 0.05), with haemorrhagic stroke (OR = 0.467, P < 0.001), or if length of stay was more than 7 days in hospital (OR ranging from 0.082 to 0.566, P < 0.001) ( Table 2) .
Discussion
This study comprehensively assessed the impact of both disease-related and unrelated factors on the risk of 31-day unplanned readmission after stroke, including social, financial, hospital or health system-related factors. We found that recurrent stroke was the most important reason for readmission. Age, type of stroke, medical expense payment, type of discharge, use of clinical pathways, length of hospital-stay and some comorbidities were the most influential factors for readmission within 31 days for a stroke related condition. Patients aged younger than 50 years old had a higher readmission risk than older patients. It is probably because of large increases in the common stroke risk factors in that age group, such as tobacco use, hypertension, and diabetes mellitus [25] [26] [27] . In China, the 2010 Global Adults Tobacco Survey results showed that from 2002 to 2010, the male current smoking prevalence in the age group of 40-59 increased dramatically by nearly 70%, while current smoking prevalence among other age groups didn't change significantly [28] . The hypertension prevalence increased among adults aged 35 years old and above. According to China Kadoorie Biobank Study, compared with other age groups, the hypertension prevalence was 12.6% in the 35-39 age group, also with a greater proportion of uncontrolled hypertension [29] . The prevalence of diabetes was 3.2 and 11.5% among persons aged 20-39 and 40-59, respectively [30] . In the 18-39 age group, the rate of diabetes awareness was extremely low (5%), also with the lowest treatment and control rate among all the adults aged 18 years old and above [31] . Therefore, it is important to control these potential risk factors, especially for people aged under 50 years.
Patients with haemorrhagic stroke had a higher risk of readmission ≤31 days perhaps because strokes are generally more severe in patients with haemorrhagic stroke. In one study conducted in Denmark, stroke severity was found to be correlated with the probability of having haemorrhagic stroke (2% in patients with the mildest stroke and 30% in those with the most severe strokes) [32] .
Use of clinical pathways was also found to be associated with readmission ≤31 days. In order to improve professional practice and treatment outcome, as well as reduce length of stay and hospital cost, National Health Commission of China issued a Guideline for Clinical Pathways Management (pilot version) in 2009 [33] , which requires different health organizations/hospitals at each level to make their own clinical pathways for common diseases. This guideline was updated in August *Heart disease includes coronary heart disease, angina pectoris, arrhythmia, heart failure, atrial fibrillation, and myocardial infarction **In terms of hospitals, 69.6% of hospitals used clinical pathways ***Others include patients discharged without doctor's advice and those deceased 2017, which requires those patients with confirmed diagnosis, but without severe complications, could get clinical pathways. Once those patients under the clinical pathways have severe complications who have to be changed treatment strategy / clinical department, they should quit clinical pathways [34] . Since 2009, most hospitals have developed their clinical pathways for stroke. In our study, 69.6% of hospitals use clinical pathways. But the use of clinical pathways in stroke care is questionable, because the evidence on effectiveness is still inconclusive, not only in China [35] , but also in other countries [36] . Thus, further research is needed before widespread implementation of these clinical pathways. However, it should be noted that in the univariable analysis, the prevalence of using clinical pathways in two groups (readmitted ≤31 days and > 31 days) was just 3% difference, which means that this significant difference may be associated with the large sample size and may not be clinically relevant..
Patients with more than 7 days of hospital stay had a lower risk for readmission within 1 month, compared to those with ≤7 days of hospital stay. An Australian study showed that the median length of stay for readmission was 6 days (Q 1 -Q 3 , 2-12) [10] . This indicates that, at least for some stroke patients, 6-7 days of treatment in hospital may be inadequate; and for those patients in serious condition and less than 7 days of hospital stay, transitions to other healthcare services after discharge to prevent unplanned readmission should be considered [37] .
Because the data for this study was obtained from the Monitoring Database of National Key TCM Project, there were some limitations in our study. Firstly, more than 91% of patients included in our analysis were from TCM hospitals. Hospitals in China are classified into western medicine (WM) hospitals and TCM hospitals. In almost every county and city, there is at least one TCM hospital. In 2013, there were 3105 TCM hospitals in China, accounting for 12.6% of all hospitals [38] . Our Fig. 4 The proportions for patients readmitted ≤31 days after discharge due to a stroke-related condition in different age groups with different diseases. Readmitted ≤31 days. Readmitted > 31 days [40] , which means that doctors may add some TCM treatment modalities, such as Chinese herb or acupuncture, depending on the severity of stroke patients. It is unknown whether or not this had an impact on our findings. Secondly, because these data were secondary data from each inpatient's cover sheet of medical records and not designed for research purposes, some important medical information was not recorded. For example, data on the severity of stroke could not be extracted from the database. An Australian study reported that being dependent before the initial admission (modified Rankin Scale, 2-5) was significantly associated with readmission within 28 days [10] . Also, the clinical criteria for patient discharge could not be collected from the cover sheet of medical records. Thirdly, we were unable to track patients who did not come back to hospital; they may have fully recovered or they may have died.
Lastly, our study findings using multilevel logistic modeling may face a risk of bias. This is because the odds ratio (OR) is approximately the same as the relative risk (RR) if the outcome of interest is rare [41] . However, in our study the readmission rate was 28.8%. Therefore, we had tried to use the multilevel log-binomial regression. Unfortunately, the results showed that the log-binomial model was inappropriate for our data which may be caused by an imbalance in the numbers of different types of hospitals. Hence, we reported the result of multilevel logistic regression in this article. These limitations may potentially cause some biases in our results. Generalizability to other countries may also be limited because most hospitals were TCM.
Conclusions
In summary, recurrent stroke, hypertension, cardio/cerebrovascular disease and diabetes/diabetic complications are the most common reasons for readmissions. Age, type of stroke, medical expense payment, type of discharge, use of clinical pathways, length of hospital-stay and some comorbidities were the most influential factors for readmission within 31 days. Interventions aimed at preventing 31-day readmissions should place more attention to patients with comorbidities, or unhealthy behaviors, especially for young and middle-aged patients. Further research is needed before widespread implementation of the clinical pathways for stroke. Hospitals should consider whether patients with ≤7 days of hospital stay may benefit from staying longer. 
